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FOREWORD 


This  report  describes  the  synthesis  of  new  high  energy  compounds  and 
polymers  performed  at  the  Naval  Surface  Weapons  Center  In  1981  under  the 
sponsorship  of  the  Office  of  Naval  Research,  Code  432. 

J.  F.  PROCTOR 
.  By  direction 


NSWC  MP  82-214 


CONTENTS 


Page 


Introduction  .  1 

Energetic  Monomers  and  Polymers  .  1 

Synthesis  of  Nltrodlols  .  1 

Reaction  of  Nltrodlols  with  Formaldehyde  .  5 

Potentially  Dense  Nltramlnes  .  12 

Experimental . 21 

References . 30 


Appendix  A  -  Nltrolysls  of  Dialkyl  t-Butylamlnes  ...  A-l 


ILLUSTRATIONS 


Figure  Page 

1  GP  Chromatogram  of  a  2,2,5,5-Tetranltrohexane- 

1,6-dlol  Polyformal  .  7 

2  Polyformal  from  Reaction  In  H2SO4  Alone  ...  9 

3  GPC  of  Low  M.W.  Polyformal  Fraction  .  10 

TABLES 

Table  Page 

1  Effect  of  Changing  Reactant  Ratio  on 

Polyformal  Formation  from  5  .  8 


111 


Accession  For 

NTIS  GRAIel 
DTIC  TAB 


Unannounced 

Justification 


By _ 

Distribution/ 

Availability  Codes 


Dist 

Pc 


Avail  and/or 
Special 


□  □ 


NSWC  MP  82-214 


SYNTHESIS  OF  ENERGETIC  MATERIALS 


Introduction 


During  the  past  year  two  Independent  efforts  were  pursued  under  this 
project,  the  synthesis  of  energetic  monomers  and  polymers,  and  the  synthesis 
of  potentially  dense  cyclic  and  polycyclic  nitramlnes.  The  former  constitutes 
a  continuation  of  earlier  work,1  the  latter  Is  a  new  start. 

Energetic  Monomers  and  Polymers 

Previously  under  this  effort1  a  systematic  study  of  the  course  of  formal 
formation  between  nitrodiols  and  formaldehyde  was  begun  in  the  hope  that 
hydroxy-terminated  polyformals  suitable  as  energetic  binder  components  could 
be  obtained.  This  work  was  continued  during  the  past  year  and  was  the  only 
topic  investigated.  In  part  this  involved  the  synthesis  of  several  new 
nitrodiols,  and  in  part  the  study  of  their  reaction  with  formaldehyde. 

Synthesis  of  Nitrodiols 

Additional  dlo.ls  were  desired  for  continuation  of  the  study  of  ring  size 
and  substituent  effects  on  cyclic  versus  polyformal  formation,  and  to  obtain 
additional  polyformals  with  a  range  of  physical  properties.  One  set  of  diols 
was  obtained  from  3,3,3-trlnitropropanol  which  was  synthesized  for  the  first 
time  during  this  work,  although  some  derivatives  have  appeared  in  the  literature.2 


I.  SOCLt 

CKiCHlCHLCOOH  - *  CXjCHtCfyNCO 


2.  TkiNj 

3.  * 


i.  HzO 


ht*  A/j  /  CFjSOjH 


C*3Of2CHzOH 

*0-t5% 


1  H.  G.  Adolph,  NSWC  MP  81-141,  "Synthesis  of  Energetic  Monomers  and  Polymers." 
Mar  1981. 

2  L.  T.  Eremenko,  "Interrelationship  Between  Density  and  Structure  in  an 
Exoloslve."  Eleventh  Symposium  on  Explosives  and  Pyrotechnics, 

Philadelphia,  PA,  Sep  1981. 
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CX3CHzCh  OH  - »  k  CX2CH2CH.OH  — HOCH.CXiCHLcH>OH 

J  4  M*OH  2  2  2  z  2  i  z 

l 

AcCt 

tc  IT  OV  0^  ^ 

CX.CH>CH-OAc  - >  ltmCXXH,CH,6Ac  — — >  HCCH.CX.CH, <4,0 Ac 

3  2  1  ruoH  2  2  2  •  1  1  2  2 

CHtO  /NHj 

IT 

(AeOCH,  CHt  C\ 

i.  Aczo /Hho3 

l .  Mt0H/H20/H* 

i  f 

(  H0CHtCHlCXiCHiyiH0l 

i  (>U-<H%) 


Except  for  the  KI  reductions  which  gave  yields  ranging  from  65-75  percent,  all 
steps  shown  proceeded  In  good  to  excellent  yields  so  that  1.  and  2  are  reasonably 
accessible,  despite  the  number  of  steps  Involved  In  the  synthesis  of  2.  1  had 
m.p.  56-58°C ,  that  of  2  Is  120-121°C. 

A  second  set  of  dlols  (3,  4)  was  prepared  from  the  monoallyl  ether  of 
A-dlol  as  shown  below: 
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I.  CHt*CHCHxO 
Z.  CHzO  J H * 


3) 

tyoc«2cx2  ch2  ocHzch*chz 


Ac  6  CHZ  CXZCHZ  0  cnx  CM*  CHX 

OsO ^  /  N«  r©¥ 

,r  cFx^  CF*i 

AcOCHxCXxCHlOCHzCHO  - AcDCHxcXzcHzOCHzCHOH 


I  NHzOH'HCL 

AcOcHz  CXZ  CHzO  CH2CH=NDhf 
I-  HWOj/KzO^ 

2.  CMjO 

J  H*?©* 


*2S\ 

'*  CFXX 

H  DCHZ  <L*Z cHzO CHZ chOH 

X  (•**%) 


HoCHz  cxz  chz  0  cyz  cxz  CHz0H 

a  c 15  %) 


x-  ncl 


3  M.  B.  Frankel  and  E.  R.  Wilson,  J.  Chem.  Eng.  Data  25,  219  (1981). 
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Due  to  their  difficult  synthesis,  3  and  4  are  currently  only  of  interest  as 
model  compounds,  even  if  polyformaTs  could  be  prepared  from  them.  4  had  been 
22  a?  i”t®rn,ed1®te  1n  the  Preparation  of  bis(fluorodinitro- 

fv  H-et?erJ5-2J  1solatlon  of  Pure  1  from  that  reaction  mixture  proved 
exceedingly  difficult. 


ICH^OCH.CHJ 


X*NQ, 


-L?6*-  ,  „  0l/JCHlCHiCCHlcH^SIOt 

I •  a^e/o/r 

♦ 

H0C«t  Q^CHt  o  CH^OfjC  H^OH 

1  (<  lo  V.) 


Another  dlol  prepared  by  a  modification  of  a  published  orocedure5  was 
3,3,3-fluorodimtropropane-l,2-dio1 . 


McNeil  (oetJi  — °-.y  [hoch^hc]  — 

OH 


*  Hocy^H 


Some  efforts  were  also  made  to  develop  a  better  synthesis  for  2, 2, 5, 5- 
trlnltrobutyraldoxime! (il  by  n1tr!,tl0n  Md  ox!<iat,w  of  readily  available 


s  3,531,534,  "Blsfluorodlnltro  Ethers  and  Their  Preparation,"  29  Seo  1970. 
L.  T.  Eremenko  and  F.  V.  Oreshko,  Izv.  Akad.  Nauk  SSSR,  Ser.  Khim.  1969,  1765. 
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« 


03H  +  CH^CHCHO 


X-NCl 


I.  ftp 

2-  NH2OH-HCl 


*  CXiCHzCHlCH  =  /<CH 
HHOj  /HtOz 

<  t 

C^CH^CX^  +  Cx3ch2cmzcHv 

(0 


However,  a  mixture  of  the  desired  6  and  starting  aldehyde  was  obtained  under 
all  conditions  tried.  Further  worlc  Is  needed  to  assess  the  utility  of  this 
sequence  for  the  preparation  of  6  and  its  conversion  to  !5. 

• 

Reaction  of  Nltrodlols  with  Formaldehyde 

2,2-D1n1trobutaned1ol-l,4  (1.)  reacted  readily  to  form  dinitrodicxeoane 
In  70  percent  yield  (not  optimized),  7.  This  was  expected  since  1,4-butane- 
dlol  Itself  forms  dloxepane  In  the  reaction  with  formaldehyde  and  acid.  The 
unsubstituted  dloxepane  can  be  polymerized.  Polymerization  of  7  has  not  yet 
been  attempted.  In  contrast 


c%o/w,*ov 


1 


5,5-d1n1tro-l,3-d1oxane,  7  Is  a  liquid  at  room  temperature. 

Similarly,  the  reaction  of  3,3,3-fluorod1n1tropropane-l,2-d1ol  with 
CH20/concentrated  H2SO4  gave  only  the  cyclic  formal.  No  attempts  have  been 
made  to  polymerize  It. 


5 


The  reaction  of  ol  2  with  formaldehyde  is  being  studied  at  present. 
Results  are  incomplet  a  greater  tendency  for  cyclic  formal  formation 
compared  with  diol  5_en  noted. 

Alcohol  3  did  net  as  readily  with  formaldehyde/ concentrated  sulfuric 
acid  as  1,.  Thus,  in  cent,  96  percent,  and  100  percent  H2SO4  the  major 
fractions  isolated  omp  were  unreacted  starting  material.  Product 
fractions  amounted  on<25  percent  yields.  GPC  analysis  showed  the 
products  were  low  m.wies  containing  no  more  than  a  few  monomer  units. 

It  Is  believed  that  tjmeric  cyclic  formal  Is  one  of  the  products  but 
this  has  not  been  est»d  unequivocally. 

Alcohol  4  was  revlth  CHz0/HaS0u  In  the  presence  of  some  sulfolane 
to  provide  a  homogeneictlon  mixture.  The  product  obtained  on  work-up 
was  found  by  6PC  anal;  consist  of  low  molecular  weight  oligomers 
containing  no  more  th?w  monomer  units.  A  small  amount  of  solid 
isolated  was  homogene»GPC  and  is  probably  the  cyclic  formal  8. 


3&ML,  p.Lr™r  * 
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The  reaction  of  diol  5,,  which  had  previously  been  found1  to  give 
essentially  only  polymer  in’  the  reaction  with  formaldehyde  and  concentrated 
sulfuric  acid,  was  studied  in  more  detail.  Products  were  characterized  by 
GPC  analysis  and  the  effects  of  varying  reaction  conditions  on  m.w.  were 
established.  Most  runs  were  carried  out  in  H2S0(,/sulfolane  mixture  to  ensure 
complete  solution  of  the  starting  diol  before  addition  of  trioxane  as  a 
methylene  chloride  solution.  In  these  runs,  the  diol  concentration,  the 
trioxane  addition  time,  and  the  diol:  formaldehyde  ratio  were  varied  to 
determine  conditions  which  could  give  the  desired  low  m.w.  prepolymers. 
However,  the  first  two  parameters  had  little  effect  and  the  products  all  had 
m.w.  peaks  (GPC)  near  5500.  A  typical  chromatogram  is  shown  in  figure  1. 
These  polymers  showed  some  variation  in  melting  points  (from  120-135°  to 
145-165°)  which  does  not  appear  to  be  related  to  m.w.  The  only  effect  of 
varying  the  reactant  ratio  was  a  lowering  of  the  yield  of  polymer  as  shown 
in  table  1,  but  no  decrease  in  m.w. 


TABLE  1.  EFFECT  OF  CHANGING  REACTANT  RATIO  ON  P0LYF0RMAL  FORMATION  FROM  5 


01  ol 
(Mol 

|  ch2o 

Ratio) 

MW  (Nominal) 

MW  (Obs.,  Max.) 

Yield  (%) 

10 

1  9 

3250 

5500 

78 

6 

1.  5 

1938 

5500 

65 

3 

!  2 

954 

6500 

52 

When  the  condensation  was  carried  out  at  much  lower  diol  concentration 
than  above,  a  mixture  of  unreacted  diol  and  formal  oligomers  containing  only 
a  few  diol  units  were  formed.  A  polymer  of  somewhat  lower  m.w.  (peak  at 
approximately  3500)  was  obtained  when  the  condensation  reaction  was  carried 
out  in  concentrated  H2S04  alone  but  in  this  case  an  irregular  and  not 
reproducible  m.w.  distribution  resulted  (figure  2).  A  similar  but  more 
regular  material  was  obtained  by  fractionation  of  the  higher  molecular  weight 
product  with  ethyl  acetate  (figure  3). 

An  attempt  was  made  to  determine  the  functionality  of  the  polymers  by 
UV  analysis.  In  alkaline  aqueous  THF  solution,  the  polymers  showed  an  absorp¬ 
tion  maximum  at  372.5  nm  as  could  be  expected  from  a  polymer  diol  of  this  type 
(the  diol  5  under  the  same  conditions  has  xmax  375  nm  (e  26,300). 


c(w<>4  C  H^o  l-vvv^c^o  -  C#2 


cHj oh 


1  H.  G.  Adolph,  NSWC  MP  81-141,  "Synthesis  of  Energetic  Monomers  and  Polymers," 
Mar  1981. 
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FIGURE  Z  POLYFORMAL  FROM  REACTION  IN  H2S04  ALONE 
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*o.  THf 

Km  *  m-S** 


If  one  assumes  the  same  molar  absorptivity  for  the  polymer  as  for  the 
diol  5,  then  a  m.w.  of  2700  is  calculated  from  the  experimentally  observed 
absorption.  However,  it  is  known  that  Increasing  separation  of  the  negative 
charges  in  the  dianion  results  In  higher  absorptivity  (e.g.,  e  for  DINOL  is 
33, 000). 6  Assuming  a  molar  absorptivity  like  that  of  DINOL  for  the  polymer, 
a  m.w.  of  3500  +  100  was  calculated  for  several  of  the  polymer  samples  which 
had  m.w.  peaks  near  5500  In  the  GPC.  This  can  be  considered  good  qualitative 
support  for  the  assumed  structure  of  a  polyformal  diol  shown  above. 

The  5500  m.w.  polymers  are  insoluble  In  CH2Ci2  and  MeOH,  but  are  readily 
soluble  In  ethyl  acetate,  acetone,  acetonitrile,  and  THF.  They  are  soluble 
in  BDNPF/A  nitro  plasticizer,  especially  at  elevated  temperature,  but  the 
solubility  in  FEF0  is  limited.  The  lower  m.w.  fraction  described  above  was 
more  soluble  In  BDNPF/A  and  FEF0.  The  density  (by  flotation)  of  5500  m.w. 
polymer  is  1.57-1.58  g/cm3.  The  heat  of  formation  per 
-CH20CH2C(N02)2CH2CH2C(N02)2CH20-unit  is  estimated  to  be  -140  Kcal/mol; 
with  this  and  the  above  density,  a  detonation  pressure  of  218  Kbar  and  a 
detonation  velocity  of  7.30  km/sec  Is  calculated  for  the  uncross! inked 
polymer. 

Solutions  of  the  5500  m.w.  polymer  In  BDNPF/A  +  adiporitrile  as 
coplasticizer  were  crossllnked  with  a  HMDI/PAPI  mixture  and  dlbutyltin 
dllaurate  catalyst.  Crosslinking  was  successful,  thus  confirming  the 
assumed  diol  structure  of  the  polymer,  but  the  low  solubility  of  the  polymer 
In  the  plasticizer  carried  over  Into  the  cross-linked  material  and  gave  rise 
to  plasticizer  exudation  from  the  cured  product.  It  Is  hoped  that  this 
problem  will  be  solved  by  the  use  of  a  lower  m.w.  prepolymer,  and  efforts 
to  prepare  these  will  be  continued  using  other  methods  for  the  preparation 
of  the  polyformal  such  as  reaction  of  diol  £  with  the  b1s(chloromethyl ) 
ether  derived  from  It:  *" 


Hocut  Cxz  ov  +  <z  at2  o  chl  cnt  or*  c  h2  o  chzu 

?hnht, .  ■»  polyformal 

6  T.  N.  Hall  and  K.  G.  Shipo,  NOLTR  61-6,  "Preparation  and  Properties  of 
2,2,8,8-Tetran1tro-4,6-dioxa-l,9-nonaned1ol,  DINOL,"  21  Mar  1961. 
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Potentially  Dense  Nitramlnes 

Holden's  method  for  calculating  crystal  densities7  Is  based  on  a 
sufficiently  large  data  base  to  convey  some  significance  to  differences 
between  calculated  and  observed  densities.  On  this  basis  features  of 
molecular  structure  can  be  Identified  which  are  often  found  in  "exceptionally 
dense"  compounds  and  thus  may  be  responsible  for  exceptional  crystal  density. 
Such  features  were  found  to  Include  the  nltramine  and  b1s(2,2-din1troethyl ) 
nltrame  moieties  and  polycyclic  ring  structures.  This  led  to  a  series  of 
target  structures  for  our  synthesis  effort  of  new  high  density  compounds 
which  are  summarized  by  the  general  structures  shown  below: 


7  0.  A.  Clchra,  J.  R.  Holden,  and  C.  Dickinson,  "Estimation  of  'Normal' 
Densities  of  Explosive  Compounds  from  Empirical  Atomic  Volumes*"  NSWC 
TR  79-273,  19  Feb  1980. 
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We  envisioned  that  some  of  these  structures  might  be  accessible  via  the 
Mannich  reaction  of  suitable  dinitroalkanes,  formaldehyde  and  other  aldehydes, 
and  ammonia  as  an  amine: 

R' 

R-C(N02)2H  +  R’CHO  +  HNR"R”'  - ►  R-C(N02)2-CH-NR"R' 1 ' 

Since  the  eventual  objective  was  a  nitramine,  methods  for  nitrolysis  of  the 
N-R"  or  N-R'"  linkages  would  be  needed  in  those  cases  where  R”  or  R"' 
could  not  be  H  but  needed  to  be  alkyl  groups  for  synthetic  reasons.  A 
literature  search  Indicated  that  only  sketchy  Information  was  available  on 
the  subject.  A  study  of  the  nitrolysis  of  tertiary  amines  was  therefore 
undertaken  with  the  t-butyl  group  being  R"  or  R"'.8  This  study  was  completed 
during  the  past  year  and  is  described  In  the  appendix  in  a  manuscript  accepted 
for  publication  In  the  Journal  of  Organic  Chemistry. 

• 

Our  initial  synthetic  efforts  centered  on  the  HMX  analog  9  which  has 
a  higher  oxygen  content  than  HMX  and  should  be  a  valuable  explosive  and 
propellant  Ingredient  if  Its  density  were  equal  to  or  greater  than  that  of 
HMX.8 


A  variety  of  approaches  were  tried,  Initially  with  little  success.  These  are 
summarized  in  the  following  equations: 


8  This  work  was  also  sponsored  by  U.S.  ARRADCOM,  Dover. 
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+  C^O  t  CHi  SiOL  — ’ll — * 


/CHiNHR 

HO-CH 


NC  A 


K*  H 


+  C Hz0  *  H<*C(H6ij2H  //■> 


C/tAZ/Zt 


+  C*fA0 


sCUNHcHsOH 

OsC 


The  latter  sequence  has  been  reported  In  a  Chinese  abstract  submitted  to  the 
American  Chemical  Society  with  no  experimental  details,  but  In  our  efforts  so 
far  the  reaction  did  not  work. 
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Me? 

4  c ^0  +  NH^R 

NCH2c(A/At)l-  N«* 


R  *  H  f  Me;  t-  Bufyl 
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While  we  were  unable  to  effect  the  Mannlch  condensation  of  b1s(2,2-d1n1tro 
ethyl Jnltranlne  or  Its  sodium  salt  with  formaldehyde  and  amines,  a  recent 
Russian  paper9  Indicated  that  such  condensations  are  successful  with  the 
corresponding  nltrosamlne.  Based  on  this  observation  we  were  able  to  prepare 
several  potential  precursors,  10  a-c,  to  the  target  compound  9. 


/CH,C(NOl)xH 

OH-  N 


IQ  a  *  R  •  I*lt ;  tf/v 
£  :  R*  CH£hJx  j  f-7% 
c  :  R=  H;  »l»/o 


Several  unsuccessful  attempts  were  made  to  nl troll ze  10a  and  b  as  well  as  the 
corresponding  nltramlnes  directly  to  9;  these  are  summarized  Tn  the  following 
equations.  In  most  cases  the  starting  material  was  consumed  but  the  desired 
product  was  not  formed. 


a)  40%  starting  material 
b,c)  water  soluble  or 
Intractlble  products 


R*  Me.  i  L*  FropyL 


9  L.  T.  Eremenko,  et  al.,  Izv.  Akad.  Neuk  SSSR.  Ser.  Khlm..  1981,  1676. 
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a)  Ac0H/MaM02 

b)  HN03,  HN03  +  AN 


^  water  soluble  products 


10c  on  the  other  hand  could  be  converted  readily  to  9  by  treatment  with  mixed 
acid. 


£has  the  following  properties: 

M.P.  approximately  250°C  (dec.) 
p0  *  1.864  g/cm3  (x-ray  diffraction) 

I.S.  *  21.4  cm  (HMX  »  23.6  cm) 
aHf  *  -33  Kcal/mol  (estimated) 

DSC  -  onset,  500°K  (HMX,  550°K) 
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Because  of  the  lower  density  and  more  negative  aHr,  9  is  not  as  good  an 
explosive  as  HMX.  The  calculated  detonation  pressure  is  T58  Kbar,  about  halfway 
between  RDX  and  HMX  (342  and  382  Kbar,  respectively).  However,  the  compound 
may  be  of  interest  as  a  propellant  ingredient  if,  as  is  likely,  it  has  different 
burning  characteristics  (rate,  slope)  from  HMX. 

Another  effort  which  we  initiated  during  the  past  year  is  the  synthesis  of 
dehydro-HMX,  12,  via  nitrolysis  of  tetraalkyl  precursors  _U  a,  b: 


K  k  i  r 


lla  :  R  •  Me 

£  :  R  »  yi 


lla  has  been  synthesized  using  a  published  procedure.10  The  synthesis  of  lib 
TiHunderway.  Applying  the  method  Identified  In  our  nitrolysis  study,  the 
nitrosolysis  of  lla  and  the  nitrolysis  of  lib  should  lead  to  12: 
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In  future  work  the  nitro-nltroso  and  dinitroso  analogs  of  9  will  be 
prepared  by  nitrosation  and  nitration  of  10c.  Also,  elimination-addition 
reactions  with  9, will  be  investigated  as  a  potential  approach  to  a  heptanitro- 
bicyclononanone  (13). 


,  NHj  > 

*"  X 


fcyjQx 


The  synthesis  of  dihalo-dloxa-  and  dlazaadamantanes  and  their  conversion  to  the 
correspondi ng  hexa-  and  tetranitro  compounds,  14  and  15,  will  be  initiated. 


We  also  plan  to  look  at  condensation  reactions  of  1 ,3-dicarbonyl  compounds 
and  their  aza  analogs  as  an  approach  to  the  synthesis  of  tetra-,  penta-,  and 
hexaazaadamantanes : 


Y3  Cfy  ,  CHhcL,  C HbJCzt 
NH  ,  NALk  ,  HhaL 


In  analogy  to  the  known  synthesis  of  the  tetramethyl  dioxotetrazocine, 
16,  the  corresponding  tetra-t-butyl  compound  will  be  prepared  as  a  possible 
precursor  for  some  different  types  of  energetic  adamantanes: 
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> 

C=0 

l 


CHzO 


o  A  o  /  R 

*’  v  0X1  PATIOS}  hi  V 

- 2 - *  1  ' 

?  o 


16  (RsMe) 


A  A 


transannular 

addition  of 
NH3  or  0H2 

Y  =  NH,  0 
R  *  Me,  t-butyl 


then  nitrolysis  of  R; 
nitration  of  OH  and  NH 


Experimental 

See  reference  11  for  precautions  in  working  with  fluorodinitromethane  and 
other  fluorodinitro  compounds.  Melting  points  are  uncorrected.  Microanalyses 
are  by  Galbraith  Laboratories,  Knoxville,  Tennessee.  Nmr  spectra  were  obtained 
on  a  Varian  EP-390  spectrometer.  Chemical  shifts  are  in  ppm  relative  to  TMS 
as  internal  standard.  Temperatures  are  in  °C  unless  otherwise  noted. 

3,3,3:Trinitropr°pano1 .  4,4,4-Trinltrobutyric  acid  (210  g,  0.94  mol)  was 
added  to  534  m«,  (908  g)  of  trifluoromethanesulfonic  acid  stirred  in  a  2000  mil, 
3-neck,  round-bottom  flask.  The  solution  was  heated  to  60°  (oil  bath)  and  sodium 
azide  (100  g,  1.54  mol)  was  added  in  approximately  2  g  portions  over  a  six  hour 
period.  (A  stream  of  nitrogen  was  kept  flowing  over  the  reaction  mixture  during 
the  addition  to  dilute  and  expel  excess  HN3.)  Stirring  was  stopped  and  the  thick 
mixture  was  heated  overnight  at  50°  before  it  was  poured  onto  ice  to  give  an 
aqueous  solution  (2500  mu)  which  was  extracted  with  3x300  mu  of  methylene 
chloride.  Two  grams  of  unreacted  trinitrobutyric  acid  were  recovered  from  the 
CH2C£2  extracts.  The  aqueous  solution  was  cooled  at  10-14°  while  a  solution  of 
140  g  of  sodium  hydroxide  in  200  m£  of  water  was  added  dropwise  with  good 


11  H.  G.  Adolph,  J.  Orq.  Chem.  35,  3188  (1970). 
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stirring.  The  solution  was  then  heated  to  35°  before  a  solution  of  121  g 
(1.75  mol)  of  sodium  nitrite  in  400  m£  of  -'a ter  was  added  over  a  30  minute 
period.  (Some  cooling  was  necessary  to  maintain  the  temperature  at  approximately 
40°  during  the  addition.)  The  solution  was  heated  at  60°  for  one  and  a  half 
hours  before  it  was  cooled  to  25°  and  extracted  with  2x500  mi  methylene  chloride. 

It  was  then  saturated  with  sodium  chloride  and  extracted  with  3x500  ms.  CH2Ci2. 

The  combined  extracts  contained  161  g  (87.7  percent)  of  crude  trinitropropanol . 

The  alcohol  was  used  without  purification  for  subsequent  reactions.  A  pure 
sample  (mp  24-25°C)  of  it  as  well  as  of  the  major  Impurity  (mp  88-89°C  dec.)  was 
obtained  by  chromatography  on  Silica  Gel  60  (EM  Reagents).  The  nature  of  the 
by-product  was  not  established*,  the  Nmr  and  IR  spectra  indicate  that  It  is  not 
a  trinitromethyl  compound.  The  trinitropropanol  gave  the  following  results  — 

*H  Nmr  (C0Ct3):  6  1.87  (t,  1H),  3.30  (t,  2H),  4.10  (double  t,  2H).  Mass  spectrum 
m/e  (relative  intensity)  196  (M+l,  7),  178  (M-16,  100).  Analysis  calculated  for 
C3H5N3O7:  C,  18.47;  H,  2.58;  N,  21'. 54.  Found:  C,  18.40;  H,  2.62;  N,  19.72. 

Potassium  2,2-Dinitropropanql .  To  a  stirred  solution  of  32.0  g  (0.164  mol) 
of  crude  3,3,3-trlnitropropanol  in  460  mi  of  methanol  was  added  68  g  (0.41  mol) 
of  potassium  iodide.  The  mixture  was  stirred  at  ambient  temperature  for  five 
days  before  the  yellow  precipitate  was  removed  by  filtration  and  washed  with 
methanol.  The  yellow  salt  was  added  to  150  mi  of  methanol  and  the  mixture  was 
stirred  at  room  temperature  for  a  short  time  before  it  was  cooled  in  ice. 

Filtration  gave  19.6  g  (64  percent)  of  yellow  salt.  Upon  further  standing  the 
reaction  solution  gave  an  additional  5.6  g  of  product  raising  the  total  yield 
to  25.2  g  (82  percent).  lH  Nmr  (020,  TMS  capillary):  6  3.33  (t,  2H),  4.20  (t,  2H). 

2,2-ditrobutane-l,4-diol  (1).  To  a  solution  of  19.6  g  of  potassium 
3,3-dinitropropanol  stirred  at  ambient  temperature  was  added  20  mi  of  36  per¬ 
cent  formalin  solution  followed  by  the  addition  of  11  mi  of  concentrated 
hydrochloric  acid  over  a  three  minute  period.  A  small  amount  of  precipitai^d 
iodine  was  removed  by  filtration  and  the  filtrate  (adjusted  to  pH  4)  was  allied 
to  stand  for  five  hours  before  it  was  extracted  with  3x90  mi  of  ether.  Removal 
of  the  ether  gave  15.3  g  of  a  solid  (mp  47-55°)  which  was  stirred  with  80  mi 
of  chloroform  at  ambient  temperature  to  give  13.4  g  (72  percent)  of  white  solid, 
mp  55-57°.  Crystallization  from  methylene  chloride  gave  12.2  g,  rp  56-58° , 
lH  Nmr  (CD2Ci2):  6  4.65  (d,  2H),  2.95  (m,  2H),  3.35  (t,  1H),  2.92  (t,  2H), 

2.12  (t,  1H). 

Analysis  calculated  for  C4HgN206:  C,  26.67;  H,  4.48;  N,  15.15.  Found: 

C,  26.62;  H,  4.51;  N,  15.42. 

3.3,3-Trinitropropyl  Acetate.  Acetyl  chloride  (125  mi)  was  added  to  a 
dried  (MgS04)  solution  of  150  g  of  crude  trinitropropanol  as  prepared  above 
and  cooled  in  an  Icebath.  The  solution  was  slowly  warmed  to  reflux  temperature 
and  held  overnight.  The  reaction  solution  was  concentrated  to  800  mi  by 
distillation  before  It  was  cooled  and  poured  onto  Ice  water.  The  mixture  was 
stirred  for  30  minutes  before  the  CH2Ci2  layer  was  separated,  dried  over  MgS04, 
and  the  solvent  removed  to  give  183  g  (100  percent)  of  crude  trlnltropropyl 
acetate  as  a  light  green  solid. 
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A  similar  reaction  employing  31.9  g  of  crude  trinitropropanol ,  50  m2  of 
methylene  chloride  and  25  nu  of  acetyl  chloride  gave,  after  addition  of  hexane 
to  the  CH2C&2  solution  and  chilling,  filtering  off  the  solid,  concentrating  and 
chilling  again,  34.5  g  (38.9  percent)  trinitropropyl  acetate.  A  second 
recrystall ization  from  CH2C$.2/hexane  gave  material  of  mp  47-49°C;  lH  NMR  (C0Cz3): 

5  2.06  (s,  3H) ,  3.45  (t,  2H),  4.55  (t,  2H). 

Analysis  calculated  for  C5H7N3O0:  C,  25.32;  H,  2.98;  N,  17.72.  Found: 

C,  25.31;  H,  3.01;  N,  17.27. 

Potassium  3,3-dinitrooropyl  acetate.  Potassium  iodide  (338  g,  2.03  mol) 
was  added^to-183-gT0777-moT7of~crudi~3,3,3-trinitropropyl  acetate  in  2100  nu 
of  methanol.  The  mixture  was  stirred  at  40°  for  24  hours  before  it  was  cooled 
to  20°  and  the  yellow  salt  removed  by  filtration.  The  product  was  stirred  with 
600  nu  of  methanol  at  20°  to  give  88.5  g  (50  percent)  of  yellow  salt. 

A  similar  reaction  using  32.1  g  of  purified  trinitropropyl  acetate  gave 
20.4  g  (66  percent)  of  potassium  dinitropropyl  acetate.  lH  NMR  (D20  with  TMS 
capillary):  6  2.54  (s,  3H),  3.94  (t,  2H),  4.93  (t,  2H). 

2, 2-pinitrobutane-l,4-diol -4-acetate.  To  a  stirred  solution  of  18.2  g 
(0.079  mol)  of  crude  potassium  3,3-dinitropropyl  acetate  in  200  nu  of  distilled 
water  at  ambient  temperature  was  added  19  itu  of  36  percent  formalin.  Concentrated 
hydrochloric  acid  (7.3  nu)  was  added  in  portions  over  10  minutes.  At  this  point 
there  is  appreciable  oil  precipitate  and  the  aqueous  phase  is  only  slightly 
yellow  in  color  (pH  approximately  4).  After  the  reaction  mixture  was  stirred 
for  two  hours  at  ambient  temperature  the  oil  was  extracted  into  methylene 
chloride  to  give  17.3  g  (98  percent)  of  product  which  was  crystallized  by 
cooling  a  chloroform-hexane  solution  in  dry  ice-acetone  yielding  13.63  g 
(78  percent)  of  white  crystals,  mp  29-21.5;  lH  NMR  (CD2Ct2)  6  3.90  (d,  2H), 

3.65  (t,  2H) ,  2.83  (t,  1H),  2.38  (t,  2H),  1.38  (s,  3H). 

Analysis  calculated  for  C6H10N2O7:  C,  32.44;  H,  4.54;  N,  12.61.  Found: 

C,  32.40;  H,  4.56;  N,  12.59. 

3,3»7»7:Tetranitro-5-azanonane-l,9-diol-l,9-diacetate.  A  solution  of 
potassium  3,3-dinitropropyl  acetate  (87  g,  0.38  mol)  in  1950  mi  of  distilled 
water  and  84  mi  of  36  percent  formalin  was  stirred  in  an  ice  bath  while  45  mi 
of  concentrated  hydrochloric  acid  was  added  (pH  approximately  3).  The  mixture 
was  heated  at  40°  for  30  minutes,  then  cooled  to  20°  and  42.6  g  of  ammonium 
chloride  was  added.  The  mixture  was  stirred  vigorously  In  an  ice  bath  while 
concentrated  ammonium  hydroxide  solution  was  added  over  several  hours  until  the 
aqueous  phase  remained  yellow  and  the  pH  was  5.5-6.  At  this  point  an  appreciable 
amount  of  semi  sol  id  had  separated  from  solution  and  adhered  to  the  walls  of  the 
flask.  The  mixture  was  stirred  overnight  before  the  semisolid  was  extracted 
into  methylene  chloride.  Addition  of  hexane  and  cooling  to  5°  gave  58.1  g  of 
white  crystals,  mp  75-76.  The  mother  liquor  was  cooled  in  dry  ice-acetone  to 
give  a  semi  sol  id  which  was  stirred  with  water  and  then  crystallized  from  0 
methylene  chloride-hexane  to  give  an  additional  3.0  g  of  product,  mp  66-70. 

Total  yield  (61.1  g)  is  76  oercent  of  theoretical.  The  analytical  sample  had 
mp  75.5-76.5°C.  JH  NMR  (CDC*3):  6  2.06  (s,  3H),  2.91  (t,  2H) ,  3.85  (d,  2H), 

4.27  (t,  2H) . 
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Analysis  calculated  for  C9Hl4N$0l2:  C,  33.89;  H,  4.50;  N,  18.47.  Found: 

C,  33.93;  H,  4.62;  N,  16.19. 

3 .3 .5 .7 .7- Pen tanl tro-5-azanonane-l ,9-dlol -1 ,9-dlacetate.  Acetic  anhydride 
(315  mi)  was  stirred  in  an  Ice  bath  to  maintain  a  temperature  of  20-23°  during 
the  slow  addition  of  95  mz  of  90  percent  nitric  acid.  The  solution  was  then 
cooled  to  5°  while  3,3,7,7-Tetran1tro-5-azanonane-l,9-d1ol-l,9-d1acetate  was 
added  In  portions  with  good  stirring.  The  solution  was  stirred  at  ambient 
temperature  overnight  before  It  was  poured  Into  Ice  water.  The  mixture  was 
stirred  for  one  hour  and  the  solid  (66.5  g,  97  percent,  mp  87-89°C)  was  removed 
by  filtration.  A  recrystallized  sample  (CH2Cz2/hexane)  had  mp  88-89°C;  lH  NMR 
(C0Cz3 ) :  4  2.09  (s,  3H),  3.00  (t,  2H),  4.35  (t,  2H),  5.20  (s,  2H). 

3.3.5.7.7- Pentan1tro-5-azanor>ant-l,9-d1o1(l).  Crude  pentanitroazanonane- 
l,9-d1ol-l,9-d1acetate  (66.5  g}  was  stirred  In  ol5  mz  of  warm  (50°)  MeOH  In  a 
2000  mz  round-bottom  flask.  Distilled  water  (265  mz)  was  added  followed  by 

19  mz  of  concentrated  hydrochloric  acid.  The  mixture  was  heated  at  67-69°C 
(mild  reflux)  overnight  before  nearly  all  the  solvent  was  removed  under  reduced 
pressure  on  a  rotary  evaporator  (water  bath  at  35°).  The  white  solid 
(mp  118-120°C)  was  removed  by  filtration  and  washed  with  cold  water.  Crystal llza 
tlon  from  methanol -water  gave  50.0  g,  mp  121.5-123°C.  The  second  crop  (2.9  g, 
mp  118-12Q°C)  raised  the  yield  to  52.9  a  (97  percent),  NMR  (acetone-d6  + 

1  dr.  020):  6  3.00  (t,  2H),  2.90  (t,  2H),  5,57  (s,  2H). 

Analysis  calculated  for  CgH14N60i2:  C,  24.88;  H,  3.65;  N,  21.76.  Found: 

C,  24.97;  H,  3.70;  N,  21.66. 

3-Acetoxy-2,2-d1n1tropropyl  Ally!  Ether.  Heating  of  3-hydroxy-2,2-din1tro- 
propyl  allyl  ether0  (2.06  g,  10.0  mmol )  ■an3_CH3C0Cz  (1.57  g,  20.0  nmol)  at  60° 
overnight  provided ,  after  removal  of  volatiles  In  vacuo,  2.48  g  (100  percent)  of 
the  liquid  title  compound;  XH  NMR  (CDCz3)  5  2.09  (s,  3H),  4.09  (d,  J  -  5.5  Hz, 
2H),  4.32  (s,  2H),  5.01  (s,  2H),  5.30  (m,  2H),  5-80  (m,  1H);  mass  spectrum 
m/e  (relative  Intensity)  249  (M+l,  100),  162  (11),  115  (22),  81  (55). 

6-Acetoxy-5 ,5-dinl tro-3-oxahexanai .  A  solution  of  3-acetoxy-2,2-din1tro- 
propyl  allyl  ether  (5.00  g,  20.2  mmo)T"and  0s04  (0.05  g)  In  100  mz  of  75  percent 
dloxane  was  treated  with  NaI04  (9.00  g,  42.0  mmol).  In  portions,  to  maintain 
26-23°  solution  temperature.12  After  1.5  hours  the  thick  suspension  of  solids 
was  extracted  with  Et20  (3x50  mz).  Removal  of  volatiles  In  vacuo  left  5.80  g 
of  crude  liquid  product  composed  of  a  nearly  quantitative  yield  of  the  aldehyde 
plus  a  small  amount  of  dloxane;  lH  NMR  (CDCz3)  <5  2.31  (s,  3H),  4.26  (s,  2H), 

4.49  (s,  2H),  5.04  (s,  2H),  9.61  (s,  1H);  mass  spectrum  m/e  (relative  Intensity) 
251  (M+l,  100),  232  (8),  206  (57),  204  (18),  191  (48),  159  (15),  146  (30). 

6-Acetoxy-5,5-d1n1tro-3-oxahexanal  Oxime.  A  solution  of  6-acetoxy-5,5- 
dlnltro-3-oxanexanai  (0.040  mol)  and  H0NH2*HCz  (0.0425  mol)  in  60  mz  of  75  per¬ 
cent  dloxane  was  treated  with  a  solution  of  Na00CCH3  (0.0425  mol)  in  10  mz 


3  M.  B.  Frankel  and  E.  R.  Wilson,  J.  Chem.  Eng,  Data  26,  219  (1981). 

12  R.  Pappo,  D.  S.  Allen,  Jr.,  R.  V.  Hemlenx,  and  W.  S.  Johnson,  J.  Org.  Chem 
21,  478  (1956).  - 


water  and  stirred  vigorously  overnight.  Extraction  with  CH2Ct2  (2x100  mu) 
and  removal  of  volatiles  at  50°  on  a  rotary  evaporator  gave  9.50  g  (89  percent) 
of  oxime  (E/Z  isomer  composition  of  60/40  by  NMR)  contaminated  with  one  mol 
percent  dloxane  by  NMR  analysis.  An  analytical  sample  was  obtained  as  a  light 
yellow  liquid  by  column  chromatography  (Silica  Gel,  CH2Ci2):  *H  NMR  (CDCJI3) 

E-isomer  <5  2.13  (s,  3H),  4.23  (d,  2H,  J»6H2),  4.42  (s,  2H),  5.03  (s,  2H), 

7.50  (t,  1H,  J=6Hz) ;  Z.- Isomer  2.13  (s,  3H),  4.46  (s,  2H),  4.51  (d,  2H,  J*3Hz), 

5.03  (s,  2H),  6.90  (t,  1H,  J*3Hz),  mass  spectrum  m/e  (relative  intensity) 

266  (M+l ,  100). 

Analysis  calculated  for  C2HUN308:  C,  31.70;  H,  4.18;  N,  15.85.  Found: 

C,  31.56;  H,  4.31;  N,  15.68. 

7-Acetoxy-l-f1uoro-l,l,6,6-tetran1tro-4-oxa-2-heptanol .  A  mixture  of 
CF(N02)2H  (10.0  mmol)  and  the  6-acetoxy-S,5-d1n1tro-3-oxahexanal  (8.4  mmol) 
in  60  mt  of  65  percent  CH30H  was  treated  with  NaHCOs  in  portions  (total  of 
0.62  a)  to  maintain  pH  5. 5-6.0. 

The  solution  was  acidified  after  3.5  hours  and  extracted  with  CH2Ct2 
(3x50  mt).  Concentration  In  vacuo  of  the  dried  (MgS04)  CH2Q2  solution  gave 
2.77  g  of  crude  liquid  product.  Crystals  (mp  76-80°,  1.32  g  (42  percent)) 
were  obtained  from  CH2Ct2-hexane.  Further  recrystallization  provided  an 
analytical  sample  of  the  title  compound  with  mp  84-85°;  lH  NMR  (C0Ct3)  6 
2.11  (s,  3H) ,  3.85  (d,  2H,  J-4  Hz),  4.34  (s,  2K),  4.91  (s,  2H),  5.18  (d  of  t, 
JCH2-CH  *4  JCH-CF*18  Hz). 

Analysis  calculated  for  CgHnFNi^Oi?:  C,  25.68;  H,  2.96;  F,  5.08;  N,  14.97. 
Found:  C,  25.75;  H,  2.93;  F,  4.96;  N,  14.85. 

l-Fluoro-l,l,6,6-tetran1tro-4-oxa-2,7-hePtaned1ol  (3) .  Stirring  0.50  g 
of  the  above  acetate  with  lb. 6  g  concentrated  H2S04  for  two  hours  gave,  after 
drowning  un  Ice  and  Et20  extraction,  0.48  g  of  alol  contaminated  with  acetic 
acid.  Storage  over  K0H  pellets  at  0.1  mm  gave  0.41  g  (92  percent)  of  dlol  2 
as  a  light  yellow  liquid;  *H  NMR  (CDC £3)  6  2.7  (broad  s,  2H),  3.91  (d,  2H,  J*4  Hz), 
4.44  (s,  4H),  5.22  (d  of  t,  1H,  0CH2_CH-4  Hz,  JCH_CF-9  Hz)- 

7-Acetoxy-2 ,2 .6 .6-tetranl tro-4-oxaheptanol .  A  solution  of  10.0  g  (37.7  mmol) 
of  6-acetoxy-5,5-dinitro-3-oxahexanol  oxime  in 100  mt  CH2Ct2  at  5°  was  treated 
dropwlse  over  0.75  hours  with  18.8  m*  of  90  percent  HNO3.13  An  Ice/MeOH  bath 
was  used  to  maintain  5-8°  solution  temperature  throughout  the  addition  and 
especially  to  control  an  exotherm  which  occurs  during  the  first  part  of  the 
addition  and  which  Is  accompanied  by  a  transient  blue  color  and  evolution  of 
brown  fumes.  The  brown  solution  was  further  treated  at  5-8°  with  12.2  m«.  of 
30  percent  H202  and  then  poured  on  ice.  The  dried  (Na2S04)  CH2C*2  layer  was 
concentrated  to  9.39  g  of  light  red  liquid  In  vacuo.  NMR  analysis  of  a  0.4  g 
aliquot  In  C0Ct3  with  100  mg  of  HCC*2CCi2H  as  Internal  standard  Indicated  the 
presence  of  10.7  mmol  (28  percent)  of  Ac0CH2C(N02)2CH20CH2C(N02)2H  as  a  triplet, 
C(N02)2H,  (J«5.8H)  at  6  6.57  and  1.3  mmol  (5  percent)  of  6-acetoxy-5,5-din1tro- 
3-oxahexanftl  as  a  singlet,  CHO,  at  6  9.68.  The  remainder  of  the  red  product 


13  V.  Grakauskas,  J.  Org.  Chem.  38,  2999  (1978). 
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mixture  (9  g)  was  mixed  with  2.5  a  (30  mmol)  of  a  36  percent  formalin  solution 
In  50  mi  of  75  percent  dloxane  (pH  2).  After  three  hours  the  solution  was 
further  acidified  with  6M  HCz  and  extracted  with  CH2Ci2  (2x50  mi).  This  solu¬ 
tion  was  stirred  overnight  with  an  equal  volume  of  25  percent  NaHSOa  and  then 
concentrated  In  vacuo  to  a  liquid  residue  which  was  chromatographed  on  silica 
gel  (55  g)  with  CH2Ci2/hexane  (75/25)  followed  by  CH2Ci2  and  CH2Cz2/E+0Ac 
(95/5).  This  provided  2.23  g  (17  percent  based  on  starting  oxime)  of  pure 
title  compound  plus  an  additional  0.90  g  of  slightly  Impure  product:  lH  NMR 
( CDCz 3 )  <5  2.16  (s,  3H) ,  4.53  (s,  4H),  4.59  (s,  2H),  5.01  (s,  2H);  mass  spectrum 
m/e  (relative  Intensity)  357  (M+l,  80),  327  (18),  310  (7),  252  (33),  222  (14), 

209  (12),  119  (100),  104  (48),  86  (34). 

3-Hydroxv-2,2-d1n1tropropyl  Ether  (1).  A  mixture  of  2.42  g  of  the  above 
acetate  and  2a  mi  concentrated  H2S04  was  stirred  for  two  hours  and  poured  on 
Ice  to  give  200  mi  of  homogeneous  solution.  Saturation  with  Nad  and  extraction 
with  E+20  (5x200  mi)  gave  2.21  g  of  crude  product,  which  after  storage  over  P20s 
at  0.1  mm  for  several  days  gave  1.65  g  (77  percent)  of  the  dlol  4  which  had 
partially  crystallized;  *H  NMR  ((C03)2C0)  6  4.49  (s,  4H),  4.74  (s’,  4H);  mass 
spectrum  m/e  (relative  Intensity)  315  (M+l,  52),  235  (24),  255  (8),  208  (3), 

167  (65),  149  (20),  137  (24),  119  (100). 

3.3.3- Fluorod1n1tro-l,2-propan€d1o1.5  2, 2-01 ethoxy-ethanol ,  13.4  g,  was 
dissolved  In  50  ml  water,  i  mi  2N  H2£0i,  was  added  and  the  mixture  stirred 
approximately  one  hour  at  50°C.  After  cooling  In  an  Ice-bath,  12.4  g  fluoro- 
dlnltromethane  was  added  with  stirring  followed  by  sufficient  NaHC03  solution 
to  give  a  pH  of  6.  The  fluorodlnltromethane  slowly  dissolved.  After  stirring 
for  an  additional  hour  with  Ice  cooling,  the  mixture  was  acidified  (H2S0(J, 
saturated  with  NaCi,  and  extracted  with  ether.  The  extract  was  dried  (MgSOi,) 
and  freed  from  solvent  to  give  the  crude  product  as  a  pale  yellow  oil;  *H  NMR 
(C0Ci3)  5  2.58  (s,  2H) ,  3.97  (d,  2H),  5.16  (double  t,  1H). 

4.4.4- Trlnltrobutyraldoxlme.  3,3,3-Trlnltrobutyraldehyde,14  7.3  g  (35  mmol), 
was  dissolved  in  60  m  75  percent  dloxane;  a  solution  of  2.8  g  (40  iranol )  NH20H. 

HCi  and  5.45  g  (40  mmol)  Na0Ac*3H20  In  9  ml  water  was  added  and  the  mixture 
stirred  at  room  temperature  for  6-8  hours.  After  dilution  to  300  mi  with  water 
the  mixture  was  extracted  with  2x100  ml  CH2Ci2,  the  extract  dried  (MgSOO  and 
freed  from  solvent  at  ambient  temperature  In  vacuo.  The  remaining  oil  Is  a  mixture 
of  els  and  trans  oxime  contaminated  by  dloxane  if  solvent  removal  was  Incomplete. 
lH  NMR  (C0Ci3);  6  approximately  2.55  (m),  3.15  (m),  6.60  (t),  7.29  (t). 

Attempted  Preparation  of  1,1.1,4,4-Pentanltro-butane  (§.).  Several  variations 
of  the  procedure  of  Grakauskas1*  for  the  nitration/oxidation  of  fluorodlnltro- 
acetaldoxlme  were  tried.  Variations  Included  temperature,  HNO3  concentration 
(90  percent,  100  percent),  normal/reverse  addition,  addition  of  NH4NO3  to  the 
HNO3.  Only  a  transient  blue  color  was  observed  in  most  cases,  In  some  no  blue 
color  at  all.  All  of  the  products  obtained  on  work-up  were  yellow  oils  which 
were  mainly  mixtures  of  trlnltrobutyraldehyde  and  a  second  component  which  Is 


5  L.  T.  Eremenko  and  F.  V.  Oreshko,  Izv.  Akad.  Nauk  SSSR,  Ser.  Khlm.  1969,  1765. 

14  0.  L.  Ross,  C.  L.  Coon,  M.  E.  Hill,  and  R.  L.  Simon,  J.  Chem.  Eng.  Data,  12, 
437  (1968). 

13  V.  Grakauskas,  J.  Org.  Chem.  38,  2999  (1978). 


26 


NSWC  MP  32-214 

believed  to  be  the  pentanitrobutane  on  the  basis  of  the  NMR  data,  primarily 
the  presence  of  a  triplet  at  5  5.4  (CDCz3)  which  disappeared  on  addition  of 
D2O  and  is  indicative  of  CH2C(M02 )2H-  The  ratio  of  the  two  components  can  be 
estimated  from  the  ratio  of  this  triplet  and  the  CHO  singlet  at  6  9.75.  No 
attempts  to  Isolate  6  were  made. 

5,5-Dinitrq-1.3-dioxepane  (Z.).  A  solution  of  1.0  g  1,  in  15  mu  warm 
CH2Cz2  was  added  with  ice  cooling  to  a  solution  of  0.2  g  paraformaldehyde  in 
6  mz  90  percent  H2SO4.  After  two  hours  stirring  at  room  temperature,  the 
mixture  was  poured  onto  crushed  Ice  and  the  product  extracted  with  CH2Cz2. 

After  drying  (MgS04)  and  removal  of  solvent,  0.75  g  (70  percent)  7  was 
obtained  as  a  colorless  oil  of  excellent  purity  (GC,  NMR);  XH  NMR  (CDCz3): 

6  2.81  (t,  2H) ,  4.07  (t,  2H),  4.75  (s,  2H),  4.83  (s,  2H). 

4-Fluorodini tromethyl -1 ,3-dioxolane.  To  a  solution  of  0.9  g  para- 
formaldehyde  In  6  mz  concentrated  H2$bi,  was  added  with  ice-cooling  5.52  g 
3,3,3-fluorod1nitro-l,2-propaned1ol .  The  mixture  was  stirred  six  hours  at 
room  temperature  and  then  poured  on  Ice.  The  product  was  extracted  with 
CH2Cz2  and  the  extract  washed  twice  with  0.02  N  NaOH,  dried  (MgS04)  and  freed 
from  solvent  to  give  3.6  g  of  an  oil  which  was  distilled  at  about  1  Torr 
(bp  45-50°C)  to  give  the  pure  product.  *H  NMR  (CDCz3):  6  4.35  (m,  2H), 

5.13  (d,  2H),  5.37  (m,  1H). 

Analysis  calculated  for  C4H5FN2O6:  C,  24.50;  H,  2.57;  N,  14.28;  F,  9.69. 
Found:  24.51;  H,  2.62;  N,  14.47;  F,  11.10. 

Reaction  of  1  with  CH2O/H2SO4.  A  0.93  g  (2.8  mmol)  sample  of  3  in 
5  mz  CH2Cz2  was  exposed  to  0.093  g  (3.1  mmol)  of  paraformaldehyde  in  6  mz 
of  96  percent  H2S04  for  16  hours  at  20°  without  effect  as  ascertained  by 
TIC  and  IR  analyses  of  recovered  diol  (Et20  extraction  of  drowned  reaction 
mixture).  Recovered  3  mixed  with  paraformaldehyde  in  90  percent  H2S04 
(three  mz)  and  four  mz  CH2Cz2  for  18  hours  at  20°  gave  similar  results. 

Recovered  3  from  this  reaction  was  finally  mixed  with  paraformaldehyde  in 
100  percent  H2S04  (three  mz)  and  four  mz  CH2Cz2  for  17  hours  at  20°.  Small 
amounts  of  products  were  indicated  by  TLC  and  GPC  analyses  (see  the  discussion 
on  page  6);  in  addition,  76  percent  of  2  was  recovered. 

Reaction  of  4  with  CH2O/H2SO4.  Diol  4  (0.830  g,  2.64  mmol)  in  a  solution 
of  2.4  mz  SS"  percent  h2504  and  1.2  mz  sulfolane  was  reacted  with  0.071  g 
(2.4  mmol)  trioxane  at  20°  for  two  hours.  The  solution  became  cloudy  after 
0.3  hours.  It  was  quenched  on  25  g  Ice  and  this  solution  filtered  to  give 
0.055  g  of  white  solid.  Extraction  of  the  aqueous  solution  with  10  mz  Et20 
gave  0.213  g  of  yellow  liquid.  The  solid  was  homogeneous  by  GPC  analysis  but 
had  a  broad  melting  range  (159-170°C  with  solid  still  present).  *H  NMR 
( (CD3)2C0) :  6  4.73  (s,  4H),  4.87  (s,  4H),  4.97  (s,  2H),  consistent  with 
structure  8.  GPC  analysis  of  the  liquid  product  showed  four  peaks  arrayed 
In  the  shape  of  a  1 :3:3: 1  quartet  (RI  detection)  with  the  third  peak  corresponding 
In  retention  time  to  the  solid  product  above.  Sulfolane  was  present  as  a 
contaminant. 
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Reaction  of  5  with  CH20/H2S0i+.  The  reaction  components,  90  percent  or 
concentrator  sulfuric  'auto,  sulfutane,  diol  5_»  trioxane  were  mixed  In 
several  different  ways:  (1)  diol,  lg,  was  dissolved  In  a  mixture  of  3  m«, 

H2S0u  and  1*2  mi  sulfolane,  If  necessary  with  slight  warming;  trioxane, 

0.1  g,  was  added  as  a  methylene  chloride  solution;  the  methylene  chloride 
was  removed  by  entraining  in  a  stream  of  nitrogen;  (2)  diol  was  added  to  a 
solution  of  the  trioxane  in  H2S0i*/su1folane.  After  a  reaction  time  of  two 
hours,  the  mixture  was  poured  on  Ice,  stirred,  the  solid  filtered  off  and 
digested  with  25  mt  hot  water  and  filtered  again.  Yields  ranged  from  0.85 
to  1.0  g.  The  products  were  analyzed  by  6PC  on  a  80  cm  Varlan  Mlcropac 
TSK  3000H  column,  pore  size  1500  a,  THF  solvent,  flow  rate  0.5  m if  minute. 

UV  analysis  was  carried  out  by  dissolving  the  diol  In  THF  and  diluting  Into 
a  mixture  of  THF,  water,  and  NaOH  such  that  the  final  solution  was  0.01  n  In 
NaOH  and  contained  50  percent  water  (v/v). 

Attempted  Mannlch  Reactions  of  1, 3-01 ami no-2»propanols  with  Nltromethane. 
Mannlch  reactions  of  1 ,3-dlamlno-Z-propanol  with  torma'ldehyde  and  nltromethane 
(1:5:1  mol  ratio)  to  form  a  hydroxynltrodlazoclne  were  attempted  In  water  and 
in  CH30H  solvents  with  the  amine  and  Its  acetate  salt.  Conditions  ranged  from 
room  temperature  to  reflux.  In  the  case  of  CH30H  as  solvent.  The .major  products 
In  all  cases  had  very  low  RF  on  TLC  analysis  under  conditions  where  the  desired 
product  would  be  expected  to  have  eluted  without  difficulty.  The  product 
mixtures  were  generally  dark  In  color  and  of  a  gummy  consistency.  Similar 
results  were  obtained  with  l,3-d1-t-butylam1no-2-propanol15  and  Its  salts 
(hydrochloride  and  acetate)  In  water  and  In  CH30H  under  conditions  ranging 
from  24  hours  at  20°  to  6$  hours  reflux.  In  the  case  of  CH30H  solvent.  These 
experiments  also  Included  anhydrous  conditions  In  CH30H  with  the  use  of  para¬ 
formaldehyde  rather  than  formalin. 

Attempted  Oxidation  of  3.7-Oihydroxv-1.5-octahvdrod1azoc1nes.  The 
1 ,5-dl-t-butyl  and  the  1,5-dltosyl  derivatives  were  prepared  by  11 terature 
procedures16  and  were  oxidized  under  a  variety  of  conditions  Including 
pyrldlulum  dichromate,  Jones  reagent  and  chromic  acid;  these  led  only  to 
hemlketal  formation  as  hfd  been  observed  previously.15 

1-1 -Propyl -3 .3.7 .7-tetranl tr°-5-n1 troso-l . 5-octahvdrodi azocl ne  (10b).  To 
0.5  g  bls(dlnitroethyl )  nltrosamlne  was  added  4.5  ml  60  percent  aqueous  MeOH 
and  0.23  g  AcOH  (glacial).  To  this,  at  15-20°C,  was  added  1.1  mt  20  percent 
aqueous  1-PrNH2  (0.21  g  1-PrNH2)  and  0.6  r\i  aqueous  formaldehyde  (37  oercent). 
The  pH  was  adjusted  to  3. 5-4.0  with  AcOH  and  the  mixture  was  heated  at  30°C 
for  three  hours.  The  solid  was  filtered  off  and  washed  with  H2Q,  keeping  the 
washings  separate  from  the  filtrate.  The  filtrate  was  stirred  at  30°C  over¬ 
night.  The  solid  was  filtered  off,  washed  with  H20  and  dried  to  give  a  total 
of  0.29  g  (47  percent);  mp  123-4°C  (from  CH2Ct2/hexane) ;  XH  NMR  (CDCJI3):  6 
0.90  (d,  6H),  2.70  (m,  1H),  3.43  (s,  2H),  3.83  (s,  2H),  5.00  (s,  2H),  5.88 
(s,  2H) . 


15  V.  R.  Gaertner.  Tetrahedron  23.  2123  (1967). 

16  W.  W.  Pandler,  G.  R.  Gapskl,  and  J.  M.  Barton.  J.  Pro.  Chem, 


31,  277  (1966). 
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Analysis  calculated  for  C9H15N209:  C,  29.60;  H,  4.14;  N,  26.84.  Found: 

C,  29.80;  H,  4.28;  N,  26.71. 

3.3,7.7-Tetranitro-l-nitroso-l,5-octahydrodlazocin<>  (10c) .  To  14.0  g 
bis(d1n1troethyl )n1trosamine  was  added  126  mz  60  percent  aqueous  MeOH  and 
6.4  g  HOAc  (glacial).  To  this  was  then  added,  at  15-20°C,  12.9  mz  NH3 
(acqueous)  in  13  mz  H20  followed  by  16.8  mz  aqueous  formaldehyde  (37  percent). 
The  pH  was  then  adjusted  to  four  with  HOAc.  Solid  started  forming  as  the  pH 
was  being  adjusted.  The  mixture  was  stirred  overnight  at  room  temperature. 

The  solid  was  then  filtered  off,  washed  with  H20  and  dried  in  a  vacuum 
desiccator  to  give  13.8  g  (81  percent)  10c;  mp  159. 5-160. 5°C  (dec.)  (from 
CH2Cz2/hexane).  lH  NMR  (CDCz3/acetone-37T  6  3. 0-3. 3  (1H),  3.60  (d,  2H), 

4.10  (d,  2H),  4.97  (s,  2H),  5.83  (s,  2H). 

Analysis  calculated  for  C6H9N709:  C,  22.30;  H,  2.81;  N,  30.34.  Found: 

C,  22.26;  H,  2.85;  N,  30.54. 

U.j.S^J-Hexanltro-l.S-octahvdrodiazocine  (1).  To  100  mz  concentrated 
H2S04  at  0-5JC  in  an  Ice  batn  was  added  ).5  g  3,3,7,7-tetrani tro-l-nl troso- 
1,5-octahydrodlazocine  (10c).  To  this  was  added  a  mixture  of  23.5  mz  90  per¬ 
cent  HN03  and  41.2  mz  concentrated  H2S04  over  a  period  of  two  hours.  The 
mixture  was  then  poured  onto  Ice.  The  solid  was  filtered  off,  washed  with 
H20  and  dried  under  vacuum  to  give  6.8  g  (76  percent)  of  product  which  can  be 
recrystallized  from  CHaCN  or  CH3N02;  mp  approximately  250°C  (dec.);  *H  NMR 
(acetone  d6)  <5  5.70  (s). 

A  smaller  scale  run  In  which  the  total  reaction  time  was  less  gave  a 
considerably  better  yield  (90  percent). 

Analysis  calculated  for  C6H8N80i2:  C,  18.75;  H,  2.08;  N,  29.17.  Found: 

C,  19.07;  H,  2.07;  N,  28.96. 
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la  the  synthaoia  of  aaoondary  nteminaa,  aapacially 
cyclic  onaa,  aa  N-blocking  group  ia  often  required  to  con* 
trol  the  courae  of  Maaaich  condensations;  Use  N  subatit- 
uent  ia  subeaqueatly  removed  by  aitrolyaia  to  give  the 
nitramine.  N-Acyi  and  N-alkyl  groups  have  ben  used  for 
thia  purpoee  with  varying  tucceea.1-*  Earlier  work  in  ou r 
laboratory  an  N*t<rt-butyl>2A2-fluorodinitroothanamidoal 2 3 4 * 6 
and -aminaa7  suggested  that  the  tert-butyl  group  might  be 
particularly  useful  in  thia  regard.  We  now  report  on  the 
aitrolyaia  of  N-trrt-butylaminaa  containing  (mostly  ni- 
troalkyl)  subatituenta  of  varying  electron  demand. 

Tha  aminaa  1-8  used  aa  modal  compounds  in  the  present 
work  were  obtained  by  the  Mannich  condensation  of 
tert-butylamine  with  tha  appropriate  nhroaDcanes  (eq  1-3), 

-J-NH*  CH*0  +  HOCHjCI  NO*  )*CH  *OH  — 


-j-NH,  •+  CM*0  CHjNOj  — — 


(1)  8.  8.  Gttert,  i.  K  Uceaeorvi,  mi  M.  Warwas  la' "Industrial  aad 
labwaSaiy  NHradoaa*,  U  F.  Albright  aad  C.  Haaaoo,  Eds.,  Americas 
Chaarical  Socisty,  Washington,  DC,  197*,  p  327. 

(2)  a  F.  Wrtakt  ia  *Tbs  Chantery  of  th*  Nino  md  Nhnw  Onups*. 
R  Fsasr,  Id,  untrsrisnes.  Nsw  York  196*.  Part  1,  Chapter  9. 

(3)  J.  R  Rabsaa  and  J.  Reinhart,  J.  Am.  Chtm  Sot.,  17, 107,  2463 
(1966);  sat  ah*  rsf  1  and  3. 

(4)  Y.  Ogata,  Y.  SawaU.  mi  Y.  Kiiriyawa,  Tttmhtdnm,  24,  3426 

(1999). 

(6)  f.  Chapmaa,  P.  G.  Owatoe,  and  D.  Woodstock,  J.  Cham.  Sot., 
1941, 1647:  as*  alae  W.  P.  Norris,  J.  Of-  Chtm.  26,  1244  (1960). 

(6)  R  0.  Adolph,  J.  Org.  Chtm .,  27, 747  (1972). 

(7)  W.  R  GUUgaa,  J.  Org.  Chtm,  36.  2136  (1971). 


8 

«*•  /«* 


-j-NH*  +  CHjO  +  CMyCH*NO* 


_  ^ 


V" — V 


largely  analogous  to  reported  aynthaaaa  of  similar  tertiary 
and  aaoondary  aminaa.1  The  synthaais  of  2  illuatrataa  the 
utility  of  the  N-bloching  group  aince  with  ammonia  7- 
nitro-l,3,5-triaxaadamantane  is  obtained.' 

The  facile  converaion  of  trrf-butylbis(2£2-fluorodi- 
nitroethyDamine  to  bia(2^^-fluorodinitroethyl)amine  in 
concentrated  sulfuric  acid7  and  the  ability  of  mixed  add 
(HfSOj/HNO*)  to  nitrate  the  latter10  indicated  that  bis- 
(2^2-dinitroalkyl)-subetituted  tert-butylam  inea  should  be 
nitrolyaed  readily  by  mixed  add.  This  was  shown  to  be 
the  cam  for  1  which  was  converted  to  4  in  excellent  yield 
with  either  mixed  or  100%  nitric  adds  (eq  4). 


0*N, 

—*5%m5T  -  0*N 


4(81%,  96%) 

For  substrates  with  fewer  0-nitro  groupe  the  situation 
ia  more  complex.  In  some  cases  complete  or  partial  ni- 
trolysis  occurred  in  mixed  add;  soma  substrates  were  un- 
reactivo  toward  this  reagent,  but  could  be  nitrolyaed  with 
acetic  anhydride/ nitric  add  or  with  100%  nitric  add  alone. 
Thus,  the  diaxine  8  was  nitrolyaed  quickly  to  6  (eq  5)  in 

(6)  R  Ptotnmaka,  T.  UrbanaU.  and  K.  Wrirecb-Matam,  Koa.  Chtm, 

46, 1267, 2107  (1971). 

(9)  J.  P.  Jonah,  8.  P.  ZakrovsU,  L.  R  Mood,  and  L  D.  ADahouaa,  J. 
lit*.  Chtm,  13, 1170  (1972);  UA  Patent  3  301 864  (1967);  Chtm  Abttr , 
67, 21936  (1967). 

(10)  R.  G.  Gafurov,  8.  L  Sviridov,  P.  Y.  Natal bullhi,  and  L.  T.  tn> 
aenko,  Bull  Attd.  Sd.  USSR,  Din.  Chtm  Set  (SngL  TrxtutL)  1ITS,  329. 
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Experimental  Section 

Caotiea:  Several  of  the  compound!  reported  herein,  especially 
4, 6, 8,  and  10,  are  sensitive  explosives  and  should  be  handled  with 
appropriate  care.  Elemental  analyses  were  obtained  commercially. 
lH  NMR  spectra  are  from  various  sources;  chemical  shifts  are 
given  in  parts  per  million  from  Me«Si. 

l-tert-Butyl-3888-tetranitropiperidine(l).  Glacial  AcOH 
was  added  to  1  mL  of  tert-butylamine  in  ISmLof  HjO  to  a  pH 
of  6,  followed  by  addition  of  1.6  g  2,2-dinitro- 1 ,3-propanediol. 
During  6  days  of  stirring  the  mixture  at  room  temperature  the 
pH  waa  adjusted  periodically  to  6  aa  necessary  with  AcOH  or 
NaOAc.  The  crude  product  was  filtered  off;  extraction  of  the 
filtrate  with  CH2C12  and  washing  of  the  extract  with  HjO  gave 
an  additional  crop:  total  yiald  0.25  g  (15%);  mp  136-137  *C  (from 
MeOH/HjO);  >H  NMR  (CD^  i  1.16  (a,  CH*).  3.71  (a.  CCH,C), 
4.03  (s,  CCHjC). 

Anal  CalodforfVfuNA:  C,  33.65;  H,  4.71;  N,  21  JO.  Found: 
C,  33.61;  H.  4.73;  N,  21.88. 

3,7-Di-teft-butyl-18-dinitro-3,7-diaxabicyc]o(38.1}Bonane 

(2) .  To  an  ice-cooled  solution  of  36-5  g  of  tert-butylamine  in  150 
mL  of  MeOH  waa  added  30  g  of  AcOH  with  stirring,  followed  by 
20.4  g  of  nitromethane  and  30.0  g  of  paraformaldehyde.  The 
mixture  was  heated  to  a  mild  reflux  for  4  days,  kept  at  ca.  -10 
•C  overnight,  and  filtered.  The  dark  brown  solid  was  triturated 
with  100  mL  of  a  pH  6  buffer  solution  to  give  7.2  g  of  crude 
product  which  was  purified  by  a  combination  of  chromatography 
on  silica  gel  (CHjCTj)  and  recrystallixation  from  MeOH.  Addi¬ 
tional  product  can  be  obtained  by  adding  the  initial  filtrate  to 
1500  mL  of  HjO,  stirring  several  h,  filtering  off  the  solid,  and 
chromatographing  it  on  silica  gel  (CHjClj).  The  initial  solid 
fractions  ware  combined  and  purified  aa  above.  The  pH  6  buffer 
wash  was  made  basic  and  extracted  with  CHjClj,  and  the  extract 
wan  washed  with  HjO,  and  dried.  Chromatography  and  recrys¬ 
tallixation  as  above  gave  a  further  crop  of  product:  total  yield 
3.7  g  (7%h  mp  135-136  ‘C;  lH  NMR  (CDClj)  i  1.11  (a,  CHJ,  2.64 
(a.  CCHjC),  3.01  (AB  q.  NCH,C). 

AnaL  Calcd  for  C„H*N A:  C,  5486;  H,  889;  N,  17.06.  Found: 
C.  55.07;  H.  8.59;  N,  17.09. 

lJ-Di-lwt  -buty  l-5-met  hy  I-5-nit  rohexahy  dro- 1 8-diaxine 

(3) .  To  1.5  g  of  nitroethane  in  10  mL  of  MeOH  were  added  4 
mL  of  36%  formaldehyde  eolution  and  2  mL  of  tert-butylamine, 
and  the  mixture  waa  stirred  overnight  and  cooled  to  ca.  -10  *C. 
The  solid  waa  filtered,  washed  with  H*0,  and  rscrystaUised  from 
MeOH/HjO.  The  initial  crop  was  a  mixture,  the  second  crop 
afforded  0.2  g  of  3,  mp  106-109  *C.  Additional  material  can  be 
obtained  by  fractional  crystallisation  of  the  initial  crop:  'H  NMR 
(CDjClj)  <  1-08  (s.  18  H),  1.46  (a,  3  H).  281  (d,  2  H),  2.88  (d,  2 
H).  3.69  (d.  2  H),  3.85  (d.  1  H). 

*  AnaL  Calcd  for  CuHrNjO*  C,  60.67;  H,  10.68;  N.  16.33. 
Found:  C.  60.69;  H.  10.63;  N,  16.22. 

Nitro lysis.  The  nitrotysea  wars  carried  out  by  three  general 
methods.  Properties  and  analytical  data  for  now  products  are 
listed  in  Table  I. 

Method  A.  The  dudkyl  tert-butylamine  was  added  to  con¬ 
centrated  HjS04  with  cooling  in  ice.  To  this  mixture  was  added 
at  0*C  a  mixture  of  90%  HNOj  and  concentrated  HjSO*  After 
being  stirred,  the  solution  was  poured  onto  ice  and  the  product 
isolated  as  described  below. 

Method  B.  The  dialkyl  tert-butylamine  was  added  to  100% 
HNOj  at  0  *C  under  N*  After  being  stirred,  the  solution  was 
poured  onto  ice  and  the  product  isolated  as  described  below. 

Method  C.  To  acetic  anhydride  under  Nt  was  added  100% 
HNOj,  keeping  the  temperature  below  20  *C.  To  this  solution 
at  5-10  *C  was  added  the  dialkyl  tert-butylamine  in  AcOH.  After 
being  stirred,  the  solution  was  pound  onto  ice  and  the  product 
isolated  aa  described  below. 


1 8  88 -5- Pen  tan  itro  piperidine  (4).  Method  A,  with  0.2  g  of 

1  in  3  mL  of  HjSO,  and  a  mixture  of  0.8  mL  of  HNOj  and  1.3 
mL  of  HjSO,  and  after  overnight  stirring  at  room  temperature, 
filtering  off  of  the  solid,  washing  with  water,  and  recrystallixation 
(CHjClj/hexane),  gave  0.15  g  (81%)  of  4.  Method  B,  with  0.1 
g  of  1  and  2  mL  of  HNOj  and  after  3  days  at  room  temperature, 
filtering  off  of  the  solid,  extraction  of  the  filtrate  (CHjClj),  and 
purification  of  the  product  as  in  method  A,  gave  0.09  g  (96%)  of 
4.  The  producta  wen  identical  by  melting  point  and  IR  with  an 
authentic  sample. 

1888-Tetninitrohexahydro-18-diaxine(6).  Method  A,  with 
7.5  g  of  5  in  100  mL  of  HjS04  and  a  mixture  of  17  mL  of  HNOj 
and  27  mL  of  HjS04  and  after  1  h  at  0  *C  and  2  h  at  room 
temperature,  extraction  (CHjClj),  drying  (MgSOJ,  concentration, 
addition  of  hexane,  and  cooling,  gave  6.05  g  (87%)  of  6. 

388-Trinitrotetrahydro-18-oxaxine  (8).  Method  C,  with 

2  mL  of  Ac*0, 0.8  mL  of  HNOj  and  1.0  g  of  7  in  2  mL  of  AcOH 
and  after  wanning  of  the  mixture  to  room  temperature  over  4  h 
and  overnight  stirring  at  room  temperature,  extraction  (CHjCl*), 
washing  with  H:0,  and  purification  by  recrystallization 
(CHjClt/ hexane),  gave  0.56  g  (54%)  of  8. 

188,7-Tetranitro-3,7-diaxabicyclo{38.1]nonane  (10). 
Method  B,  with  0.2  g  of  2  and  2.0  mL  of  HNOj  and  after  0.5  h 
at  0  *C  and  3  days  at  room  temperature,  filtering  off  of  the  solid, 
extraction  of  the  filtrate  (CHjClj),  washing  of  the  extract  with 
dilute  KjCOj  solution  and  HtO,  and  recrystallixation  (CHjClj/ 
hexane)  of  the  combined  product,  gave  0.11  g  (59%)  of  10. 

7-j»j*-Butyl-188-trinitro-3,7-diasabicyclo[38.1]aoaaae 
(9).  Method  A,  with  0.1  g  of  2  in  2.5  mL  of  HjS04  and  a  mixture 
of  0.6  mL  of  UNO)  and  1  mL  of  H*S04  and  after  1  h  at  0  *C  and 
1  h  at  room  temperature,  extraction  (CHtdt),  washing  with  dilute 
KjCOj  solution  and  H^O,  and  recrystallixation  (MeOH/HjO),  gave 
0.06  g  (62%)  of  9. 

l-tert-Butyl-38-diaitro-5-a>ethyl-18-hexahydrodiaxiae 
(13).  Method  A,  with  0.1  g  of  3  in  28  mL  of  H,S04  snd  a  mixture 
of  0.6  mL  of  HNOj  and  1.0  mL  of  H  jS04  and  after  15  min  at  0 
*C,  extraction  (CHjClg),  washing  with  HjO,  and  recrystallixation 
of  the  crude  product  (MeOH/HjO),  gave  0.07  g  (77%)  of  13. 

5-Mathyl-188-triaitrahexahydio-18-diasine(12).  Method 
B,  with  5  mL  of  HNOj  and  0.1  g  of  3  and  after  15  min  at  0  *C 
and  6  h  at  35-46  *C,  filtering  off  the  solid,  and  recrystallixation 
(CHjClj/ hexane),  gave  0.043  g  (51%)  of  12. 

NHrolystaof  tert-Butyiriineethy lamina.  To  10  mL  of  AcjO 
at  0-5  *C  waa  added  2.9  mL  of  oxide- free  90%  HNOj,  followed 
by  a  solution  of  1.0  g  of  tert-butyldimethylamine  in  3.0  mL  of 
AcOHl  The  mixture  was  stirred  2  days  at  room  temperature  and 
poured  onto  ice.  After  the  mixture  was  stirred  2  h,  the  product 
was  extracted  (CHjClj).  The  aqueous  phase  was  made  basic 
(NajCOj)  and  extracted  again  (CHjCIj).  The  combined  extracts 
were  washed  (dilute  NaHCOj),  dried  (MgSOJ,  and  concentrated 
by  distillation.  Addition  of  hexane  and  chilling  gave  0.143  g  (16%) 
of  dimethylnitramine.  Further  concentration  gave  no  additional 
product 

Nitroiysie  ef  tert -Buty  Idiaethy (amine  Hydrochloride. 
The  same  procedure  as  above  was  used  with  11.5  mL  of  AcjO, 
28  mL  of  oxide-free  HNOj,  and  a  solution  of  2.0  g  of  the  amine 
hydrochloride  in  2  mL  of  AcOH.  A  workup  at  above  gave  0.51 
g  of  dimethylnitramine  aa  a  first  crop.  Further  concentration  gave 
another  0.21  g  (total  yield  **%). 
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